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[57} ABSTRACT

Method and apparatus for the manufacture of
piezoelectric transducers in which a tube spring is
prestressed by an axial load with the tube welded to a
transducer housing member.

3 Claims, 9 Drawing Figures
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METHOD FOR THE MANUFACTURE OF A
PIEZOELECTRIC TRANSDUCER AND
TRANSDUCER MANUFACTURED BY THIS
METHOD

This is a division of application Ser. No. 778,936,
filed Nov. 26, 1968 now abandoned.

The invention relates to a process for the manufac-
ture of a piezoelectric transducer with a piezoelectric
measuring element inserted in a tube spring and held
under axial prestress between the inner front end of the
bottom of the tube spring and a lower end face of the
transducer housing or of a transducer housing insert
serving as a rigid support, the tube spring being ad-
vanced with its open end close to the transducer hous-
ing or to the transducer housing insert until such time
when the measuring element directly adjoins the said
end face, whereupon the extremity of the tube spring
is welded to the transducer housing or to the transducer
housing insert under an axial load directed against the
end face, thereby producing an annular tightly closed
welding seam, the axial load being set prior to the com-
pletion of the welding operation to a value correspond-
ing to the prestress of the measuring element, on the
one hand, and to an apparatus for the performance of
this method of manufacture and to transducers manu-
factured by this method on the other hand.

Various expedients have already been devised for the
purpose of producing a certain predetermined prestress
in connection with transducers wherein the axial pre-
stress of the measuring element required for the deter-
mination of values included in the negative measuring
range, of values that is, tending to relieve the measuring
instrument, is produced by means of a tube spring.
However, these conventional methods are beset with a
number of drawbacks.

It is possible, for example, in connection with con-
ventional types of transducers comprising a tube spring
screwed to the transducer housing, to set the required
prestress with a high degree of precision by appropri-
ately screwing the tube spring. However, the provision
of a screw-coupling between the tube spring and the
transducer housing fails to assure hermetic sealing of
the interior of the transducer containing the measuring
element against the outside as is indispensable for a
continuously smooth operation of the instrument. Fur-
thermore, the originally set prestress is liable to alter-
ations in the long run due to slackening of the screw-
coupling.

According to another known method, the tube spring
collar is pressed into a housing and secured therein by
flanging. In that case, the required prestress can be set
to an approximate value only with the necessity of ob-
serving very narrow tolerances in length with regard to
the structural elements to be joined together. This de-
sign too, lacks the necessary hermetic sealing.

Another method used for the manufacture of trans-
ducers consists in - setting the measuring element
clamped between the bottom of the tube spring and the
support to the required prestress and in securing the
tube spring by spotwelding at several points of its pe-
riphery to the transducer housing insert defining the
supporting surface. However, apart from the lack of
hermetic sealing of the coupling, this method is rela-
tively unsafe since during the cooling of the welds, ther-
mal stresses are likely to alter the prestress setting.
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Better results are achievable by means of the afore-
said process wherein the provision of a closed annular
welding seam ensures the required hermetic sealing of
the interior of the transducer. However, this known
method also involves a number of insecurity factors,
particularly with regard to the obtention of an accu-
rately predetermined prestress of the measuring ele-
ment, due to the fact that the measuring element is pre-
stressed only in the course of the welding operation as
a result of the progressive approach of the transducer
elements to be welded together and subject to a relative
axial stress. Consequently, even if the axial stress acting
upon the transducer elements clamped between the
hollow electrodes of a resistance-welding apparatus is
accurately controlled, the prestress produced in the
measuring elements upon completion of the welding
operation may occasionally - differ, however slightly,
from the predetermined theoretical value. The amount
of prestress is furthermore influenced by other factors
ascribable to differences in the dimensions of the struc-
tural elements to be welded together and also to fluctu-
ations of amperage and of the duration of voltage appli-
cation as well as to variations of the mechanical weld-
ing pressures applied.

It is the object of the present invention to avoid the
aforesaid shortcomings of known methods of manufac-
ture and to provide a method for the manufacture of
piezoelectric transducers suitable for serial production,
ensuring both the accurate observation of a predeter-
mined amount of prestress and the absolutely hermetic
sealing of the interior of the transducer. In conjunction
with the known manufacturing process mentioned
above, according to the invention the tube spring is
therefore, advanced towards the transducer housing or
transducer housing insert and then subject to the full
predetermined prestress by means of an axial load,
whereupon the tube spring is connected with the trans-
ducer housing or transducer housing insert by arc weld-
ing, particularly by plasma welding, while the full pre-
stress is maintained all the time.

An essential advantage is derived from this process
insofar as the welding operation proper will practically
not interfere with the predetermined prestress which is
maintained in a simple manner until the end of the
welding operation. In particular, the arc welding
method is responsible for a local rise in temperature of
the transducer components to be welded together
which is, however, kept within narrow limits, so that
stress variations due to thermal expansion are practi-
cally completely avoided.

As compared with conventional methods, the process
according to the invention offers the additional advan-
tage that it is not absolutely necessary for the manufac-
ture of the tube spring and of the finishing of the corre-
sponding counter-surface of the transducer housing or
of the transducer housing insert to strictly adhere to
narrow tolerances in the length of these structural ele-
ments.

Another outstanding feature of the present invention
resides in the use of the plasma-welding process which
is known to produce an almost pin-point concentration
of an arc of extraordinary stability and furthermore
permitting the application of extremely low amperages.

According to a further embodiment of the invention
the prestress of the measuring element is preferably
continuously measured in conjunction with the same in
a manner known per se and automatically adjusted as
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a function of the measured value so as to obtain the
predetermined theoretical value. As a result of the au-
tomation of this operation which is essential for the
production of the required prestress, any deviations of
the final prestress of the measuring element from the
predetermined value due to operating errors or other
individual influences are avoided. Besides, the manu-
facturing process is simplified and shortened.

According to a preferred embodiment of the inven-
tion the apparatus by which the latter is to be per-
formed comprises two holders arranged opposite and in
coaxial relation to each other and displaceable in rela-
tion to each other and to be loaded by opposing
stresses, the said holders serving for the tube spring
containing the measuring element and the transducer
member comprising the supporting surface, as well as
an electric welding apparatus comprising an arc-type,
particularly a plasma-type welding burner. By means of
the apparatus it is possible to mechanize the manufac-
ture of a transducer by the method according to the in-
vention and even to provide for an automatic manufac-
turing process by means of an appropriate program de-
vice.

Another preferred embodiment of the invention pro-
vides for the rotatable arrangement of one of the two
holders on a fixed support, whereas the other holder is
rotatably arranged on an axially displaceable abutment,
preferably with the interposition of a dynamometer. In
that case, it is possible for the welding burner to be se-
cured to a mount permitting only the conveyance of the
burner to, and its removal from, the workpiece. In this
connection, it is advisable according to another feature
of the invention, to provide at least one of the two hold-
ers with a rotary drive tuned to the admissible advance
speed of the welding burner. This rotary drive can be
included in a simple manner in a program control for
the purpose of controlling the ignition of the arc of the
welding burner at the beginning of the continuous rota-
tion of the workpiece and the switchoff of the welding
burner as soon as the workpiece has completed a full
revolution,

In a piezoelectric transducer produced by the
method according to the invention and provided with
a piezoelectric measuring element inserted in a tube
spring and held under axial prestress between the inner
front end of the bottom of the tube spring and a lower
end surface of the transducer housing or of the trans-
ducer housing insert serving as a rigid support, the open
end of the prestressing sleeve may encompass part of
the transducer housing or of the transducer housing in-
sert and form a gap with same at their junction, the said
gap being bridged by the annular welding seam. This
gap ensures the formation of a deep-reaching welding
seam since it facilitates the penetration of the burner
jet. In order to take full advantage of the opportunities
offered by the method according to the invention, it is
advisable to provide for small cross-sectional areas for
the connection of the structural elements to be welded
together in the area of the gap formed by same, either
by the provision of characteristic welding flanges on
these transducer components or by having the cross-
sectional areas of same diminish in the direction of the
gap.

According to another embodiment of the invention
the transducer housing and/or the transducer housing
insert and the open end of the tube spring each have an
annular extension protruding in the direction of the
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same side of the transducer, one extension surrounding
the other and the welding seam extending in the area
of the adjacent front edges of the two extensions. The
provision of characteristic annular extensions on the
transducer components to be interconnected makes it
possible for the cross-sectional areas in these places
which are directly exposed to the burner jet to be kept
as small as possible in order to check heat conduction
towards the remaining components of the transducer,
thereby accelerating the welding operation.

In line with this trend, the cross-sectional area of the
extensions is preferably so designed as to diminish in
the direction of their free front end.

According to a particularly simple design of the
transducer according to the present invention which is
particularly suitable for purposes of serial production,
the extension having the smaller diameter is defined by
an annular groove recessed in the associated trans-
ducer member.

Further details of the invention will appear from the
following description of the several embodiments of the
invention with reference to the accompanying drawing
in which

FIG. 1 is a schematic sectional view showing the
basic structure of an apparatus for the performance of
the method according to the invention,

FIG. 2 is a vertical sectional view of a piezoelectric
pressure transducer manufactured in accordance with
the method according to the invention, prior to the
welding operation,

FIG. 2a a detail of the pressure transducer as shown
in FIG. 2 after the welding operation,

FIG. 3 a variant of a transducer manufactured in ac-
cordance with the same method, prior to the welding
operation,

FIG. 3a a detail of the same transducer after the
welding operation,

FIG. 4 an axial cross-sectional view of a piezoelectric
accelerometer produced in accordance with the
method according to the invention prior to the welding-
operation, and

FIG. 4a a detail of this apparatus after the welding
operation,

FIGS. 5a and 5b two consecutive stages of the pro-
cess for the manufacture of a piezoelectric pressure
transducer mounted in accordance with the method ac-
cording to the invention. :

The apparatus shown in FIG. 1 comprises two hold-
ers 1 and 2 in opposite coaxial relation to each other
and stepped-down cylindrical in shape, one holder 1
containing in a blind bore 3 the tube spring 4 of the pi-
ezoelectric transducer to be manufactured with the
measuring element (not shown) inserted therein. The
tube spring 4 rests with an annular shoulder defined by
its reinforced inner rim 5 upon the annular front end 6
of the holder 1.

Inserted in a corresponding blind bore 7 of the sec-
ond holder 2 is the transducer member, in the embodi-
ment shown a transducer housing insert 9 comprising
the rigid support 8 (to be seen in FIG. 2). The trans-
ducer housing insert 9 rests with a flange 10 on the an-

nular front end 11 of the holder 2.

The holder 1 with its cylindrical shaft 12 is rotatably
arranged in a fixed support 13 and rests with a collar
14 axially upon the inner front end of this fixed support
13.
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The holder 2 is likewise rotatable and for that pur-
pose inserted with its stepped-down cylindrical shaft 15
in a bearing 16 of easy action located at one end of a
dynamometer 17 arranged in coaxial relation to the
two holders 1 and 2, the other end of the said dyna-
mometer resting on an axially adjustable abutment 18,
Obviously, it is possible for the mechanical dynamome-
ter 17 shown to be replaced by a load measuring cell
or the like.

The apparatus illustrated in FIG. 1 further comprises
an electric welding burner which in this case is de-
signed as a plasma-type welding burner 19, the longitu-
dinal axis of which is perpendicular to the axis of rota-
tion of the two holders 1 and 2. The welding burner 19
is adjustable in an axial direction in the sense of the
double arrow shown. The burner jet 20 formed by a
necked-down electric arc produced in a highly ionized
gaseous envelope is directed to the very junction be-
tween the tube spring 4 and the transducer insert 9.
The annular welding seam produced by the burner 19
at the junction is designated by reference number 21.

Referring to FIGS. 2 and 2a illustrating a piezoelec-
tric transducer manufactured in accordance with the
method according to the inventionin two different pro-
duction stages before the welding operation (FIG. 2)
and upon completion of the welding operation (FIG.
2a) the process according to the invention will hereaf-
ter be described as follows:

At the beginning, the measuring element 22 provided
with a central connecting line 24 for the abduction of
the charges produced is inserted in the tube spring 4 to-
gether with the surrounding insulating sleeve 23 so as
to rest with its inner front end on the bottom 25 of the
tube spring 4. Now the tube spring 4 is inserted in the
blind bore of holder 1. The holder 2 receives the trans-
ducer housing insert 9 provided with central longitudi-
nal bore comprising an insulating tube 26.

The tube spring 4 and the transducer housing insert
9 are now brought close to each other by appropriately
shifting the abutment 18 until such time when the outer
front end of the measuring element 22 comes into con-
tact with the support 8 defined by the front end of the
transducer housing insert 9. As shown in the left half of
FIG. 2, a gap 27 of a width “A” is left at the junction
between the tube spring 4 and the transducer insert 9.

Now the apparatus is axially loaded by the additional
displacement of the abutment 18, as a result of which
a prestress is produced in the measuring element 22
clamped between the bottom 25 of the tube spring and
the support 8. This prestress is immediately made to
correspond with the predetermined theoretical value in
accordance with the reading of the dynamometer 17.
Thereupon the welding burner 19 is brought within ig-
nition distance from the gap 27 and the main arc ig-
nited. As the welding operation begins, the shaft 12 of
the holder 1 and consequently, the workpiece together
with the holder 2 are rotated continuously as the weld-
ing operation proceeds. The burner jet penetrating as
far as the gap 27 produces a tight homogeneous annu-
lar weld 21, bridging the gap (cf. FIG. 2a). Due to the
high concentration of the arc 20, heating of the work-
piece is restricted to the area directly adjoining the
welding seam. The preset prestress of the measuring el-
ement is fully maintained during the welding operation.
It is also possible for this process to be automatically
controlled, using the reading of the dynamometer 17 as
a control quantity. It is, however, also possible to use
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the charge produced-in the measuring element 22
under the set prestress in a manner known per se as a
control quantity for the purpose of maintaining the pre-
determined prestress at a constant level.

As soon as the annular welding seam 21 is closed fol-
lowing a complete revolution of the shaft 12, the weld-
ing burner 19 is switched off and moved back to its
original position. Now the abutment 18 is aiso brought
into its original position, whereupon the welded trans-
ducer is removed from the mounts 1 and 2.

The transducer illustrated in FIG. 2 is manufactured
by the same method. The tube spring 4’ containing the
measuring element 22’ together with the connecting
line 24’ and an insulating sleeve 23’ differs from the
type shown in FIG. 2 insofar as its reinforced rim 5’ has
a conical annular front face 28 defining in conjunction
with a corresponding conical surface 29 of the trans-
ducer housing insert 9’ a gap 27’. The annular welding
seam 21’ shown in FIG. 3a is then produced in the area
of this gap 27'. The apparatus used for the welding of
this transducer differs from the type shown in FIG. 1
only insofar as the welding burner 19 is placed in an
oblique position pointing in the direction of the gap
27'.

The accelerometer shown in FIG. 4 comprises a hoi-
low cylindrical housing 31 with a connecting flange 32
(only part of which is shown in the drawing), through
which the two connecting lines 33 of the measuring ele-
ment 35 resting on the inner front end 34 of the hous-
ing bottom emerge. The measuring element 35 can be
designed for example, as a conventional assembly of
superposed quartz disks with electrode coatings.

The seismic mass 36 loading the measuring element
35 rests upon the inner front end 37 of the bottom 38
of a tube spring 39 surrounding the measuring unit and
engaging with its open reinforced end 40 in the receiv-
ing bore of the transducer housing 31.

The housing 31 as well as the end 40 of the tube
spring each have an upwardly protruding annular ex-
tension 41 and 42 respectively, whose cross-sectional
area diminishes in the direction of the free front end.

For the assembly of the accelerometer the same is
clamped between two pressure feet 43 and 44 (indi-
cated by dot-and-dash lines) of an auxiliary device (not
shown) and loaded by an axial force producing a prede-
termined amount of prestress in the measuring ele-
ment. While this load is maintained, the jet of a plasma-
type welding burner 45 also indicated by dot-and-dash
lines in the drawing is directed upon the free front end
of the extensions 41 and 42 in such a manner that it im-
pinges upon the contact edge of the two extensions.

In order to produce a closed annular welding seam,
the burner 45 is moved about the longitudinal axis of
the transducer, or, where a stationary burner is used,
the transducer is axially rotated by means of the two
pressure feet 43 and 44. Upon completion of the weld-
ing seam 46 (FIG. 4a) and after releasing the clamping
by the two pressure feet, the assembly of the acceler-
ometer is terminated. Following cleaning and finishing
of the weld where necessary, the apparatus is ready for
use.

FIGS. 5a and 5b illustrates a piezoelectric pressure
transducer wherein a housing insert 47 and the tube
spring 50 containing the measuring element 48 to-
gether with an insulating sleeve 49 constitute the two
transducer elements to be welded together, which upon
completion of the welding operation are jointly in-
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serted in a transducer housing 51 (indicated by dash-
lines).

The reinforced extremity 52 of the tube spring and
the housing insert 47 present annular extensions 53 and
54 directed towards the same side of the transducer
and are of a similar design as in the embodiment of the
invention hereabove described and illustrated in and by
FIG. 4. Likewise, the transducer is assembled by
clamping the transducer elements to be welded to-
gether between the pressure feet 55 and 56 (indicated
by dash-lines) of an auxiliary device (FIG. 5a). For that
purpose, the housing insert 47 is provided with a collar
57 in which the pressure foot 55 engages. The other
pressure foot 56 rests upon the annular shoulder 58 de-
fined by the reinforced extremity 52 of the tube spring
50. The method of prestressing and welding by means
of the burner 45 is similar to that described with refer-
ence to the aforesaid embodiments of the invention,

15

but for the finishing of the shells of the housing insert -

47 and of the extremity 52 of the tube spring following
completion of the welding operation, whereby the col-
lar 57 is removed by turning and a shoulder 59 is pro-
duced at the extremity 52 of the tube spring serving as
an axial abutment of the transducer housing 51 for the
final assembly of the pressure transducer (FIG. 5b).

It is obviously possible for the method according to
the invention to be performed also with devices other
than the apparatus hereabove described and as shown
in the drawings. For example, non-rotatable holders
can be provided for the clamping of the transducer ele-
ments to be welded together, with the welding burner
rotating about the common longitudinal axis of these
holders as required. The devices used for that purpose
may be either hand-operated or automatically operated
by means of a program control system.

I claim:

1. A method for the manufacture of a piezoelectric
transducer having a transducer housing, a rigid support
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formed by the front end of the housing, a cylindrical
outer surface of the housing concentric with respect to
the longitudinal axis of the transducer, 2 tube spring
having an open end facing the support and a bottom at
its opposite end, a cylindrical counter-surface concen-
tric with the longitudinal axis of the transducer at the
open end of the tube spring and registering with the cy-
lindrical surface of the transducer housing, a piezoelec-
tric measuring element mounted between the support
and the bottom of the tube spring and axially pre-
stressed therebetween, and an annular weld on the
open end of the tube spring adjoining the cylindrical
counter-surface thereof, comprising the steps of:

1. joining the tube spring with the transducer housing
member adjacent to said cylindrical surface and
said cylindrical counter-surface so that the measur-
ing element abuts against said support and against
the tube spring bottom,

2. prestressing the measuring element with a mea-
sured axial load upon the transducer housing and
the tube spring, and
. welding the open tube spring end to the transducer
housing member adjacent welding edges of these
members to provide an annular closed weld contig-
uous to said first-mentioned welding edges, said
welding being performed simultaneously with con-
tinuously measuring the prestressed load of said
measuring element by means of the measuring ele-
ment and automatically regulating the axial load as
a function of said measured prestress to maintain
said prestress equivalent to a predetermined theo-
retical prestress during the welding process.

2. The method according to claim 1 wherein the
welding process is performed by arc welding.

3. A method according to claim 1 wherein the weld-

ing process is performed by plasma arc jet welding.
* * * * *
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